P rimary percutaneous coronary intervention (PPCI) is the preferred reperfusion strategy for acute ST-segmentelevation myocardial infarction (STEMI) 1 and should be available at all hours. 2 It is widely recognized that there are variations in healthcare provision during night and day and that resources, including availability of medical personnel, are limited during out of working hours (OWH), particularly at night. 3, 4 There are conflicting data on outcomes after PPCI performed during Background-Primary percutaneous coronary intervention (PPCI) is the treatment of choice for ST-segment-elevation myocardial infarction. Resources are limited during out of working hours (OWH). Whether PPCI outside working hours is associated with worse outcomes and whether outcomes have improved over time are unknown. Methods and Results-We analyzed 11 466 patients undergoing PPCI between 2004 and 2011 at all 8 tertiary cardiac centers in London, United Kingdom. We defined working hours as 9 am to 5 pm (Monday to Friday). We analyzed in-hospital bleeding and all-cause mortality ≤3 years, comparing OWH versus in-working hours. A total of 7494 patients (65.3%) were treated during OWH. Multivariable analyses demonstrated that PPCI during OWH was not a predictor for bleeding (odds ratio, 1.47; 95% confidence interval [CI], 0.97-2.24; P=0.071) or 3-year mortality (hazard ratio, 1.11; 95% CI, 0.94-1.32; P=0.20). This was confirmed in propensity-matched analyses. Time-stratified analyses demonstrated that PPCI during OWH was a predictor for bleeding (odds ratio, 2.00; 95% CI, 1.06-3.80; P=0.034) and 3-year mortality during 2005 to 2008 (hazard ratio, 1.23; 95% CI, 1.00-1.50; P=0.050), but this association was lost during 2009 to 2011. During 2005 to 2008, transradial access was predominantly used during in-working hours and PPCI during OWH was predictive of reduced transradial access use (odds ratio, 0.83; 95% CI, 0.71-0.98; P=0.033), but this association was lost during 2009 to 2011. Conclusions-In this study of unselected patients with ST-segment-elevation myocardial infarction, PPCI during OWH versus in-working hours had comparable bleeding and mortality. Time-stratified analyses demonstrated a reduction in adjusted bleeding and mortality during OWH over time. This may reflect the improved service provision, but the increased adoption of transradial access during OWH may also be contributory. (Circ Cardiovasc Interv. 2015;8:e002206.
PPCI During Out of Working Hours
OWH versus in-working hours (IWH) with some studies showing worse outcomes with PPCI performed during OWH 3,5-9 and others showing no difference. [10] [11] [12] [13] [14] [15] [16] A recent meta-analysis has shown increased mortality in patients undergoing PPCI during OWH. 17 It is difficult to compare these studies because of differences in patient characteristics, treatment(s) provided, and the variable definitions of routine working hours. Given that most patients with STEMI present during OWH, 16 evaluation of outcomes after PPCI during OWH is crucial given the widespread adoption of round-the-clock programs. Whether PPCI during OWH affects other outcomes, for example, bleeding, is unknown. We conducted an observational analysis comparing bleeding and mortality after PPCI performed during IWH versus OWH and explored this relationship over time.
Methods
This was a retrospective observational study to investigate the whether PPCI performed during OWH was associated with adverse clinical outcomes. We used merged datasets from local British Cardiac Intervention Society (BCIS) databases that contribute to the BCIS national database. All data were collected prospectively.
BCIS-National Institute for Cardiovascular Outcomes Research Database
The BCIS-National Institute for Cardiovascular Outcomes Research database collects data from all hospitals in United Kingdom that perform PCI. 18 Data are collected prospectively at each hospital, electronically encrypted, and transferred online to a central database.
Patients' survival data are obtained by linkage of patients' National Health Service numbers to the Office of National Statistics.
Population Study and Design
We examined consecutive patients with STEMI treated with PPCI between 2005 and 2011 at all 8 tertiary cardiac centers in London, United Kingdom. Patient and procedural details were recorded at the time of the procedure and during the admission into each center's local BCIS database. Anonymous datasets with linked mortality data were merged for analysis. The time of PPCI and clinical outcomes were available for all patients and a total of 11 466 patients were included in the analysis.
Definitions
We defined IWH as 9 am to 5 pm (Monday to Friday). All other times including weekends were defined as OWH.
Clinical Outcomes
We analyzed in-hospital bleeding complications and all-cause mortality at 30 days, 1 year, and 3 years. Bleeding was defined as access site bleeding (large hematoma, pseudoanuerysm formation, or retroperitoneal bleeding), gastrointestinal bleeding, intrapericardial bleeding, or blood transfusion.
PPCI Pathway
All tertiary cardiac centers in London receive unselected patients with STEMI for PPCI and work with the London Ambulance Service who delivers patients directly to the cardiac catheterization laboratory 24 hours a day. During OWH, the PPCI service is covered by an on-call team that comprises a consultant interventional cardiologist, a senior cardiology trainee, 2 to 3 cardiac catheterization laboratory nurses, a cardiac physiologist, and a radiographer. The senior cardiology trainee is resident during OWH, and all other members are nonresident. During OWH, there are also reduced staff covering the patients' care and other noncardiac services, for example, radiology, pathology, and intensive care medicine, which follow a similar consultant lead service. During OWH, the on-call team members are contacted immediately on acceptance of a patient for PPCI. In the most cases, the whole on-call team may not be in the hospital before the arrival of the patient. During IWH, all hospital staffs are already present in the hospital and the catheterization laboratories are fully operational.
Ethics
All patient identifiable information was removed before database merging and analysis. Because this analysis was performed on anonymyzed data from mandatory audit, the local ethics committee advised us that ethical approval was not required.
Statistical Analyses
Patients were divided into IWH and OWH groups. Noncategorical variables were skewed and thus summarized using median (lower and upper quartiles) and compared using the Mann-Whitney U test. Categorical variables were expressed as percentages and compared using the Z test. To determine independent predictors for bleeding and mortality, logistic regression and Cox proportional hazards regression models were used to provide adjusted odds ratios (ORs) and hazard ratios (HRs) with 95% confidence intervals (CIs) with complete case analysis. To account for differences in the 2 groups, propensity scores (PS i ) were used to create populations from each group with comparable characteristics. To derive PS i , a logistic regression model was fit for time of PPCI (IWH versus OWH) to patient demographics, clinical, anatomic, and procedural variables. Cox proportional hazards regression models were then applied to the propensity-matched cohorts adjusting for the significant covariates identified from multivariable models and also included PS i as a covariate. 19 The cohort was also subdivided into quintiles based on PS i , so that comparisons could also be made between patients with similar baseline risk. 15 Risk ratios for mortality were then calculated for each quintile, as well as an overall Mantel-Hantzel risk ratio for the stratified analysis. Cumulative mortality rates were also presented as Kaplan-Meier curves and compared with Log-rank tests. Details of statistical methodology are provided in the Methods in the Data Supplement. All statistical analyses were performed using MedCalc version 12.1 (MedCalc Software, Ostend, Belgium) and R (Foundation for Statistical Computing, Vienna, Austria). Statistical significance was established at P<0.05 (2-tailed) for all tests.
WHAT IS KNOWN
• Over two thirds of patients presenting with acute ST-segment-elevation myocardial infarction undergoing primary percutaneous coronary intervention (PPCI) present during out of working hours (OWH).
• Conflicting data exist on whether PPCI during OWH is associated with mortality or other outcomes.
WHAT THE STUDY ADDS
• In this observational study, compared with PPCI inworking hours, PPCI during OWH was not an independent predictor of in-hospital bleeding or mortality ≤3 years.
• Time-stratified analyses found that adjusted bleeding and mortality for PPCI performed during OWH have improved over time.
• Improvement in outcomes during OWH over time may be because of system factors; however, the increased adoption of transradial access during OWH may also be contributory. PPCI During Out of Working Hours
Results

Baseline Population and Procedural Characteristics
We analyzed 11 466 consecutive patients with STEMI who underwent PPCI across all 8 tertiary cardiac centers in London, United Kingdom. There were 3970 patients in the IWH group and 7496 patients in the OWH group. The baseline demographic, clinical, and procedural characteristics are summarized in Table 1 .
Trends in PPCI Performed During OWH
During the 6-year period, PPCI during OWH comprised 65.3% of total PPCI procedures ( Figure 1 ). During the study period, there was a gradual increase in PPCI procedures performed during OWH (54% in 2005, 63% in 2008, and 70% in 2011). Comparing the time periods (2005-2008 versus 2009-2011), there was an increase in the proportion of complex cases and higher risk patients during OWH, with an increase in left main-stem artery intervention (1.1% versus 1.8%), patients with cardiogenic shock (4.8% versus 6.8%), patients requiring intra-aortic balloon pump (4.9% versus 6.4%), and patients requiring ventilatory support (2.3% versus 3.9%). Discrete variables are presented as percentages and compared using the Z test (2-tailed). Continuous data presented as median (25% IQ; 75% IQ) and compared using the Mann-Whitney U test (2-tailed). CABG indicates coronary artery bypass surgery; CVA, cerebrovascular accident; DES, drug-eluting stent; EF, ejection fraction; GP, glycoprotein; IABP, intra-aortic balloon pump; IQ, interquartile range; IWH, in-working hours; LAD, left anterior descending artery; LCx, left circumflex artery; LMS, left main-stem artery; LV, left ventricle; MI, myocardial infarction; OWH, out of working hours; PCI, percutaneous coronary intervention; PVD, peripheral vascular diseases; RCA, right coronary artery; RR, risk ratio; and TIMI, thrombolysis in myocardial infarction.
Analyzing Outcomes Over the Total Study Period
Unadjusted Outcomes
*Renal disease was defined as serum creatinine of >200 mmol/L or renal replacement therapy.
†Smoking was defined as smoking ≥1 cigarettes per d and smoking in the month preceding PCI. ‡Cardiogenic shock was defined as a systolic blood pressure of <90 mm Hg, pulse rate of >100, and the need for inotropic drugs, intra-aortic balloon pump, or cardiopulmonary support.
§A diseased coronary vessel was defined as >50% coronary stenosis. 
Adjusted Multivariable Models
PPCI performed during OWH was not a predictor for mortality at 30 days (HR, 1.03; 95% CI, 0.89-1.19; P=0.73), 1 year (HR, 1.11; 95% CI, 0.93-1.32; P=0.24), and 3 years Multivariable adjusted models referent to primary percutaneous coronary intervention during OWH. There were no significant interactions by subgroups. CI indicates confidence interval; HR, hazard ratio; IABP, intra-aortic balloon pump; IWH, in-working hours; LMS, left main-stem artery; and OWH, out of working hours. PPCI During Out of Working Hours (HR, 1.10; 95% CI, 0.95-1.27; P=0.23). The results from subgroup analyses are shown in Figure 2 . PPCI during OWH was not associated with increased mortality when stratifying according to age, sex, and high-risk patient groups. When analyzing all those considered as the highest risk population, that is, those with cardiogenic shock, requiring ventilatory support, receiving intra-aortic balloon pump, and undergoing left main-stem artery intervention, PPCI during OWH was not associated with greater mortality at 30 days (HR, 0.93; 95% CI, 0.69-1.25; P=0.62), 1 year (HR, 0.97; 95% CI, 0.74-1.28; P=0.84), and 3 years (HR, 0.96; 95% CI, 0.74-1.25; P=0.78). When comparing low-versus high-volume centers (defined as less or more than the median procedural volume per center), PPCI during OWH was not associated with mortality both in low-volume centers (1 year: HR, 1.14; 95% CI, 0.82-1.59; P=0.43 and 3 years: HR, 1.04; 95% CI, 0.80-1.35; P=0.77) and high-volume centers (1 year: HR, 1.03; 95% CI, 0.84-1.27; P=0.76 and 3 years: HR, 1.08; 95% CI, 0.90-1.29; P=0.42). The Kaplan-Meier survival curves for the total study population are shown in Figure 3A , with no difference in mortality (Log-rank test, P=0.52).
When examining bleeding complications, PPCI during OWH was not an independent predictor but demonstrated a trend for increased bleeding complications (OR, 1.47; 95% CI, 0.97-2.24; P=0.071). To determine whether there was a relationship with bleeding and mortality in our data set, we used multivariable models adjusting for all significant predictors of bleeding and mortality. This demonstrated a strong association between an in-hospital bleeding event and mortality at 30 days (HR, 2.00; 95% CI, 1.15-3.47; P=0.014), 1 year (HR, 1.94; 95% CI, 1.21-3.13; P=0.007) and 3 years (HR, 2.00; 95% CI, 1.32-3.01; P=0.001).
Propensity-Matched Analyses
Propensity scores were used to create populations from each group with comparable characteristics. This yielded a total of 5934 matched patients (2967 in the IWH group and 2967 in the OWH group). The c-statistic for the propensity model was 0.70 (95% CI, 0.68-0.71), and the Hosmer-Lemeshow test yielded a P value of 0.33. All variables were well balanced, and the absolute standardized differences in mean were all <10% ( Table 2) . When stratifying the patients by quintiles of propensity scores, all variables were well balanced within each quintile with no statistically significant differences ( (Table 3) , there was no significant difference in 3-year mortality when comparing OWH versus IWH groups with an overall Mantel-Hantzel risk ratio of 1.09 (95% CI, 0.92-1.29; P=0.33). However, it must be noted that although the differences were not significant in the individual quintiles, these tests were limited by lower power. Furthermore, there was a significant effect modification over levels of the propensity score (P value for trend=0.004). When analyzing bleeding complications, PPCI during OWH was not an independent predictor for bleeding complications (OR, 1.45; 95% CI, 0.85-2.50; P=0.18).
Trends in Outcomes Over Time
Given the increase in expertise in PPCI over time and the continuing efforts to improve resources and service provision during OWH, we examined outcomes over 2 time periods, 2005 to 2008 and 2009 to 2011. Table 4 shows the study population stratified by earlier and later time periods. 
Unadjusted Outcomes
Adjusted Multivariable Models
Between 2005 and 2008, PPCI during OWH was an independent predictor for increased mortality at 1 year (HR, 1.36; 95% CI, 1.03-1.79; P=0.032) and 3 years (HR, 1.23; 95% CI, 1.00-1.50; P=0.050). However, between 2009 and 2011, PPCI during OWH was no longer associated with mortality at 1 year (HR, 0.98; 95% CI, 0.78-1.23; P=0.85) and 3 years (HR, 0.99; 95% CI, 0.81-1.23; P=0.97). Similarly, multivariable analyses identified PPCI during OWH as an independent predictor for bleeding complications during 2005 to 2008 (OR, 2.00; 95% CI, 1.06-3.80; P=0.034). However, during 2009 to 2011, PPCI during OWH was no longer associated with bleeding complications (OR, 1.29; 95% CI, 0.60-2.42; P=0.41).
Discussion
This study sought to establish whether PPCI performed during OWH was associated with worse outcomes. The results of this study have shown many interesting findings. Throughout the 7-year study period, PPCI during OWH was not an independent predictor for in-hospital bleeding complications and mortality ≤3 years. However, time-stratified analyses demonstrated that PPCI during OWH during 2005 to 2008 was an independent predictor for bleeding and mortality, but this association was no longer seen during 2009 to 2011. Given the strong link between bleeding and mortality, Discrete variables are presented as percentages. Continuous data presented as median (25% IQ; 75% IQ). Covariate balance measured using standardized difference in mean (S diff ) expressed as percentages. CABG indicates coronary artery bypass surgery; CVA, cerebrovascular accident; DES, drug-eluting stent; EF, ejection fraction; GP, glycoprotein; IABP, intra-aortic balloon pump; IQ, interquartile range; IWH, in-working hours; LAD, left anterior descending artery; LCx, left circumflex artery; LMS, left main-stem artery; LV, left ventricle; MI, myocardial infarction; OWH, out of working hours; PCI, percutaneous coronary intervention; PVD, peripheral vascular diseases; RCA, right coronary artery; RR, risk ratio; and TIMI, thrombolysis in myocardial infarction. To evaluate whether provision of services during OWH affects patient outcomes, we used propensity scores to derive and compare patient populations with similar baseline risk. In this way, any differences in outcomes should theoretically reflect the provision of service and care during OWH, although the effect of unmeasured confounders cannot be excluded. These analyses confirmed results from the unmatched cohort analyses. We also found no significant association with PPCI during OWH and mortality in specific high-risk patient subgroups but a strong trend for increased mortality in patients with renal disease. Although data with regard to subsequent renal function after the index procedure were not available, this finding may be potentially explained by less meticulous measures to monitor hydration status thereby minimizing the risk of contrast nephropathy during OWH.
To assess whether there was an association with PPCI during OWH and mortality over time, we performed time-stratified analyses comparing 2005 to 2008 time period with 2009 to 2011, a more contemporary time period. When comparing the IWH and OWH groups in these time strata, the crude mortality rates were comparable. The interpretation of crude mortality rates in the time strata is difficult to interpret given the differences between the IWH and OWH groups. When performing fully adjusted analyses, PPCI during OWH during 2005 to 2008 was an independent predictor for increased mortality, but this association was lost during 2009 to 2011. Although it is impossible to say with certainty what led to these findings, possible explanations exist.
Firstly, we found that PPCI during OWH was also independently associated with increased bleeding complications during 2005 to 2008. The main factors that would contribute to bleeding complications in patients with STEMI are vascular access site and adjunctive antithrombotic therapy, notably glycoprotein (GP) IIb/IIa inhibitor use. The bleeding complications reported in our STEMI population was 1.2% that is comparable with those previously reported from BCIS. 20 Figure 4 shows the trends in bleeding, transradial access, and GP IIb/IIIa inhibitor use over the study period. The use of GP IIb/IIIa inhibitor has progressively declined with time, both during IWH and OWH. Interestingly, GP IIb/IIIa inhibitor use was greater than expected during OWH in 2008, which may partly explain the greater bleeding during OWH in 2008. Importantly, the trend in GP IIb/IIIa inhibitor use cannot fully explain the differences and trends in bleeding events during IWH and OWH over time. Although transradial access use was similar between the 2 groups in total study cohort, in the earlier time period, transradial access was predominantly used during IWH, whereas during the later time period, transradial access use was similar during IWH and OWH. In keeping with this, when we analyzed factors associated with transradial access selection, we found that PPCI during OWH was an independent predictor for lower transradial access use during 2005 to 2008 (OR, 0.84; 95% CI, 0.72-0.98; P=0.033) but not during 2009 to 2011 (OR, 0.95; 95% CI, 0.84-1.08; P=0.42). This may reflect the growing experience and expertise in transradial PCI over time. The association between transradial access, lower bleeding, and mortality is recognized in patients with STEMI, and we were able to demonstrate a strong association between bleeding and mortality. Thus, our analyses would suggest that the adoption of transradial access for PPCI over time particularly during OWH might account, at least in part, for the reduced mortality during OWH observed over time. Our observation of differences in transradial access during IWH and OWH is not new and has been previously reported. 16 It would be interesting to explore the trends in transradial access use, bleeding complications, and mortality over time in other cardiac networks/centers. Secondly, results from the adjusted analyses (which adjusted for transradial access) would also suggest that the reduction in mortality during OWH observed over time may reflect an improvement in PPCI service or postprocedural care for patients during OWH over time. Although data with regard to antiplatelet and secondary preventative therapy are not available, it would be safe to assume that these therapies would be broadly similar between the OWH and the IWH All covariates are expressed as percentages and compared within each propensity score quintile using Z test (2-tailed) with no statistically significant differences. The RR for 3-y mortality for OWH group (IWH-reference group) was derived for each quintile and pooled with an overall Mantel-Hantzel RR for the stratified analysis. CABG indicates coronary artery bypass surgery; CI, confidence interval; CVA, cerebrovascular accident; DES, drug-eluting stent; EF, ejection fraction; GP, glycoprotein; IABP, intra-aortic balloon pump; IWH, in-working hours; LAD, left anterior descending artery; LCx, left circumflex artery; LMS, left main-stem artery; LV, left ventricle; MI, myocardial infarction; OWH, out of working hours; PCI, percutaneous coronary intervention; PVD, peripheral vascular diseases; RCA, right coronary artery; and RR, risk ratio. The strength of this study is that this represents a realworld analysis of unselected consecutive patients with STEMI presenting to an integrated tertiary cardiac center network, including those with cardiogenic shock, postcardiac arrest, and those requiring ventilatory support, and is Discrete variables are presented as percentages and compared using the Z test (2-tailed). Continuous data presented as median (25% IQ; 75% IQ) and compared using the Mann-Whitney U test (2-tailed). CABG indicates coronary artery bypass surgery; CVA, cerebrovascular accident; DES, drug-eluting stent; EF, ejection fraction; GP, glycoprotein; IABP, intra-aortic balloon pump; IQ, interquartile range; IWH, in-working hours; LAD, left anterior descending artery; LCx, left circumflex artery; LMS, left main-stem artery; LV, left ventricle; MI, myocardial infarction; OWH, out of working hours; PCI, percutaneous coronary intervention; PVD, peripheral vascular diseases; and RCA, right coronary artery. PPCI During Out of Working Hours thus representative of patients encountered in day-to-day clinical practice. All reported studies have primarily focused on mortality, and as such, other important adverse events, such as bleeding, have not been reported and thoroughly analyzed. To our knowledge, this is the first reported study that evaluates mortality and bleeding risks associated with PPCI during OWH over time. This study has all the limitations of a registry and all the potential bias associated with nonrandomization. Bleeding complications were not categorized using classic bleeding scores, potentially limiting comparison with other reported studies. We were not able to adjust for those missing variables and those not collected by the database. On this basis, residual confounding cannot be excluded. However, comparing outcomes from IWH and OWH can really only be investigated in an observational registry format. Our study involves 8 tertiary cardiac centers in a metropolitan setting, and the results of our study may not be generalized and applicable to other cardiac networks/ centers. A similar analysis with a more diverse collection of PPCI centers spanning urban/rural settings and variable geography would be insightful.
Conclusions
In this observational analysis of unselected patients with STEMI undergoing PPCI in an integrated cardiac network, PPCI performed during OWH versus IWH had comparable in-hospital bleeding complications and long-term mortality. However, these data also demonstrate a reduction in adjusted bleeding and mortality during OWH over time. Although this may reflect the improved service provision, the increased adoption of transradial access during OWH may also be contributory. 
